Demonstration by FTIR that the bo-type ubiquinol oxidase of Escherichia coli contains a heme-copper binuclear center similar to that in cytochrome c oxidase and that proper assembly of the binuclear center requires the cyoE gene product.
Amino acid sequence data have revealed that the bo-type ubiquinol oxidase from Escherichia coli is closely related to the eukaryotic aa3-type cytochrome c oxidases. In the cytochrome c oxidases, the reduction of oxygen to water occurs at a binuclear center comprised of heme a3 and Cu(B). In this paper, Fourier transform infrared (FTIR) spectroscopy of CO bound to the enzyme is used to directly demonstrate that the E. coli bo-type ubiquinol oxidase also contains a heme-copper binuclear center. Photolysis of CO ligated to heme o at low temperatures (e.g., 30 K) results in formation of a CO-Cu complex, showing that there is a heme-Cu(B) binuclear center similar to that formed by heme a3 and Cu(B) in the eukaryotic oxidase. It is further demonstrated that the cyoE gene product is required for the correct assembly of this binuclear center, although this polypeptide is not required as a component of the active enzyme in vitro. The cyoE gene product is homologous to COX10, a nuclear gene product from Saccharomyces cerevisiae, which is required for the assembly of yeast cytochrome c oxidase. Deletion of the cyoE gene results in an inactive quinol oxidase that is, however, assembled in the membrane. FTIR analysis of bound CO shows that Cu(B) is present in this mutant but that the heme-Cu(B) binuclear center is abnormal. Analysis of the heme content of the membrane suggests that the cyoE deletion results in the insertion of heme B (protoheme IX) in the binuclear center, rather than heme O.(ABSTRACT TRUNCATED AT 250 WORDS)